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We have supposed a new model of the cre- 
ation of D and 3'He in stipernova of the first 
generation. It is based on the idea that a 
supernova event leads simultaneously to acce- 
leration of particles in the shock wave front 
and to their interactions with supernova at- 
mosphere matter. The D, ^He , Li, Be , B and by- 
passed isotopes are created, in these interac- 
tions. The cosmic abundances of the by-passed 
isotopes with A* 113 allowed to determine the 
integral proton flux - Ip(E- 0 > 25 MeV)=5xlO^‘ 
cm~2 } the spectral index" - - 'p -3. The calcula- 
tions of the D and 3rLe yields in various nuc- 
lear reactions at these irradiation conditions 
show that only the 4He(p,d)3:-ie reaction leads 
to cosmic abundances of these isotopes on the 
assumption that all matter has been exposed. 


1 . Introduction 7 

The nucleosynthesis of D and "’He is possible: (l) 
during expansion of the hot and dense Universe, (2)in 
spallation reactions of interstellar matter with ga- 
lactic cosmic rays, ( 5 ) in high-energy ion reactions in 
shock wave front during explosions of supermassive 
objects and supernovae of Type II, (4)durin^ momentary 
processes in active galactic nuclei, and (5) in reacti- 
ons of interaction of neutrino from collapsing nucleo- 
us of supernova. The theoretical models of the expan- 
ding Universe explain the main observations of cosmo- 
logical significance: (1)the red-shifts of distant ga- 
laxies, ( 2)the isotropic distribution of galaxies. (3) 
the homogeneous distribution of nearby galaxies, (4) 
the distribution qf distant galaxies and radio sources, 
(5)the microwave background, (6) the X-ray background, 
and (7) the chemical and, 7 is ot op ic compositions of the 
initial matter. The D, ^He , 4 h q f an( j ?Li cosmological 
abundances and the microwave background properties are 
the most informative characteristics for investigation 
of the physical conditions in the early Universe. The 
observated tendency of the decreasing of the initial 
component parts of I t) ( 4He) ~ 0 .22-0 . 245 , D/H#(2 + 0.5)x 
1C5, 2He/H=( 1-2)x10"5"and 7 li/H = 1x10-9 /I/ leads So se- 
rious difficulties of the cosmological models. Even 
the standard isotropic and homogeneous models with the 
zero lepton number /I .2/ do not allow to obtain the 
cosmic abundances of 4He and deuterium at anyone ent- 
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ropy value. Therefore the investigation of a possibi- 
lity of the galactic nucleosynthesis of deuterium is 
important for the problem of an initial nucleosynthe- 
sis in the early Universe. 

A few possible classes of objects may be respon- 
sible for most of the galactic nucleosynthesis of deu- 
terium. These are: (1)the explosion of supermass ive 
objects, ( 2) supernovae of Type II, (3) the active ga- 
lactic nuclei and quasars, and ( 4 ) interstell ar gas. Two 
main processes have led to the formation of deuterium. 
One of them is the spallation in supernova shocks /3 , 
4/. The propagation of the supernova explosion shock 
wave in the density gradient of the stellar envelope 
results in a shock of increasing strength. The acce- 
leration of matter by the shock wave has previotisly 
been associated with the formation of cosmic rays. In 
the peculiar very low density conditions of a presumed 
red-giant envelope, a strong shock wave , ^ 1 0 MeV per 
nucleon in 10~2 to 10 “4- stellar mass fraction, can re- 
sult in the nearly complete spallation of He plus hea- 
viers to free neutrons and protons. The neutron captu- 
re on the protons has led to creation of deuterium .The 
other group of processes includes the spallation reac- 
tions with galactic cosmic rays in the interstellar 
gas /5 ,6/ . 

We have examined a possibility of the creation of 
deuterium and helium-3 in a massive supernova of the 
first generation. Our model is based on the idea that 
a supernova event leads simultaneously to explosive 
nuclei burning, to acceleration of particles in the 
front of a shock wave and their interactions with the 
atoms in supernova atmosphere /7,8/. 

2. Nuclear reactions of the synthesis of deuteri- 
um and helium -3 

We have examined the following nuclear reactions: 
H(P»f + )D, 4-iie ( p ,d)- > He , 2 * 4 He( p , 2p ) , 4ne( o ,pn) 3He , 

^He(p,pd)D, and 4-He(p,2pn)D with the threshold energi- 
es of ^ 3 OC , 18.32 , 19.81 , 20.55 , 23 .75 , and 25.97 MeV , 
respectively. The second reaction is the most probable. 
Its function dependence of d S’/ < 3 . .ft from & has been only 
determined at the proton energies of 31.5 MeV /10/, 55 
MeV /ll/, and 93 MeV /1 2/. Using the method of graphic 
interpolation on the energy regions of <30 MeV and 
>100 MeV we have obtained the excitation function for 
the '+He( p ,d) -^He reaction (see Figure, curve l). The 
excitation function of the H(p,p*)D reaction has been 
obtained in accordance with the experimental data /1 2 
13/ (see Figure, curve II). 

The experimental data for the cross sections of 
the break up reactions of 4 He( p ,2p)3H ,4He( p ,nn)->He , 

4 He( p ,pd )D , and 4 He(p,2pn)D are absent. However, it 
was possible to make a comparison of the total cross 
section of the break up reactions at 3^=55 MeV with 
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Figure. The excitation fun- 
ctions* I -the 4iie( p ,d)3lle 
reaction from /1 0-1 2/, II 
the H(p,^ + )D - reaction 
from /I 2, 13/. 1-from /10/, 
2-frcm /II/, and 3 -from 
/I 2 /. 

corresponding value for the 
4lie(p,D)3He reaction / 1 1 / . 
They are equal to 50-80 mb 
and 40 mb respe ctively .Hen- 
ce , the contribution from 
the break up reactions do- 
ubles the yields of deute- 
rium and helium-3. The ob- 
and calculated abundances of deuterium and he- 
ars given in the Table. The calculations have 
made at the following parameters: (l)the cosmic 
the seed nuclei /9/ , (2 )It,(B T 3 »2 5KeV) = 

( 3) the spectral index of f =2.5. The 
of each reaction was averaged according 
spectrum of galactic cosmic rays , as 
according to the isotopic elemental 
irradiated matter. 



served 
1 ium-3 
been 

abundances of 
=5x10^1 cm-*- , 
cross -se ction 
to the energetic 
well as averaged 
compositions of the 


TABLiS . The calculated and observed abundances 

of deuterium and hel ium-3 ( at oms / 1 0^ atoms 0 i ) 


Target 

Is ot ope 

U---- «■— — 

, cm- 2 

H calculated 

1 "■ ' 1 
N observed 

4 He • 
lie 
H 

■- . ■ . — , ..... 1 

3 He 
D 
D 

38 . 5xlO~ 27 
38.5x10” 27 
1 .4x10“ 30 

4.2x1 0 5 
4.2x1 0 5 
2 . 2x 1 0 2 

3.7xl0 5 
5 . 2x1 0 3 


* These data show that the created in the ^He( p ,D) 

He reaction amounts of deuterium and helium-3 are 
comparable with the cosmic abundances of these isoto- 
pes on the assumption that all matter has been exposed. 
However , if we take into consideration the contributi- 
on of the break up reactions then the amount of irra- 
diated matter will decrease up to ^50 per cent. 

3 .Conclusions 

The nucleosynthesis of D and ; He in sunernova of 
the first generation puts a hard limitation* in tempe- 
rature and chemical composition of the envelopes where 
it had taken place. The temperatures cf the c"and 0 
.envelopes are high (TflOf) and the D , 3jie , li, Be, B 
isotopes, created by spallation reactions with the CNO 
nuclei, are destroied. Therefore, the D and 3He crea- 
tion had taken place only in the atmospheres of the 
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first generation supernova and in interstellar gas 
which have cosmological composition (hydrogen and he- 
lium). The nucleosynthesis of the Li, Be and B isoto- 
pes had taken place in nuclear reactions during su- 
pernova events of the second generation stars /14/. 

These data lead to the conclusion that the matter, 
thrown of the supernova of the first generation, are 
not exposed to an intensive irradiation in interstellar 
space. This puts a limitation on models of the galac- 
tic structure formation and their evolution. 

The D nucleosynthesis in the first generation su- 
pernovae not agree with the model of the Galaxy forma- 
tion in a process of protogalaxy collapse. This model 
leads to an overproduction of Li, Be and B. To avoid 
the excess of these elements we examine a model of a 
homogeneous matter fragmentation with the formation of 
fragments of ( 10°-10 8 )M©. The collapse of latter 
led to formation of massive stars (M>100Ko) of the 
first generation which have simultaneously evolved. Ho- 
wever, these stars have large mass-loss rates and ex- 
pose the products of nuclear burning at the surface 
relatively early in their life. This material ejected 
in the stellar wind can mix with a nearby interstellar 
gas (and dust) prior to the supernova event. It also 
leads to an overproduction of Li, Be and B. This prob- 
lem requires a detailed study. 
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